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The main constraint for scaling up production of scallop Argopecten purpuratus is the lack of information on the nutritional requirements and feeding regimes in the early stages. Research is currently focused on the development and use of enriched microalgal diets (Uriarte & Far|¤ as 1999; Far|¤ as & Uriarte 2001) or arti¢cial diets for juvenile and adult bivalves (Coutteau, Caers, Cure¤ & Gajardo 1996a; Mart|¤ nez, Aguilera & Mettifogo 2000) . The e¡ect of diet fatty acids on larval and juvenile stages has recently been studied by manipulating the fatty acid composition by lipid supplementation of the diet (Coutteau, Caers, Malle, Moore, Manzi & Sorgeloos 1994; Caers, Coutteau, Lombeida & Sorgeloos 1998) , and Coutteau, Castell, Ackman & Sorgeloos (1996b) have demonstrated the uptake and assimilation of lipid emulsions by larval and juvenile stages of several bivalve species through fatty acid analysis of the animal and their diets.
In this study, we used the Chilean scallop as a model species to evaluate the role of supplementation and substitution of microalgae with lipid emulsions, combined with the e¡ect of temperature.
Newly hatched D-larvae produced by the hatchery of Universidad Austral de Chile were used at the start of each experiment. Each experimental tank contained 20 L of ¢ltered (5 mm) and UV-sterilized seawater, and there were two or three replicated tanks for each combination of diet and temperature. The tanks were inoculated with 5 larvae mL À 1 and 15 microalgal cells mL À 1 day À 1 ( 5100% microalgae or standard diet). The standard diet was composed of a mixture of T-Isochrysis galbana and Chaetoceros neogracile. The lipid emulsions contained 60% lipid, liposoluble vitamins, emulsi¢ers, preservatives, antioxidants and water. Lipid consisted of ethyl ester concentrates of marine oil with 30% Sn-3 HUFA. DHA emulsion had a DHA/EPA ratio of 4 and EPA emulsion had a DHA/EPA ratio of 0.6. These emulsions were mixed at a 1:1 (w:w) ratio to replace or add to microalgae. The larvae were sieved, measured and counted at every water change, which was carried out every 2 days. When 80% of the larvae had reached the eyed stage in any of the treatments, the experiment was stopped to avoid larval settlement and metamorphosis. Table 1 summarizes the combination of diets and temperatures that were used in the three experiments. The data were analysed by factorial ANOVA. Data expressed in percentage were arcsin transformed before ANOVA analysis. The comparison between means of pairs of factors (i.e. temperature^diet) was run by Tukey's a posteriori multiple tests.When data were not normally distributed, the non-parametric test of Kruskal^Wallis was applied.
The growth rate and survival at experiment 1 were similar when the larvae were fed the standard algae Table 2 ). The e¡ect of temperature on the growth rate of larvae was signi¢cant (F 5 30.30; d.f. 52, 6; P 5 0.0007), with slower growth rates at 12 1C (Tukey, P 5 0.05). No signi¢cant di¡erence was observed between 19 and 22 1C. The percentage survival of larvae was not a¡ected by temperature or diet. Larval growth at 12 1C was approximately 40% from those grown at 19 and 22 1C. In experiment 2, no signi¢cant di¡erences in growth rate and survival were observed between larvae receiving the three di¡erent diets (Table 2) . Larvae reared at 19 1C exhibited higher growth rates than those kept at 12 1C (F 5 62.58; d.f. 51, 6; P 5 0.0002), but survival was again una¡ected by temperature. The results of the third experiment con¢rmed that larvae reared at 19 1C had the highest growth rate (H(1, n 518) 5 11.56, P 5 0.0007), and as in the previous experiments growth was not signi¢cantly a¡ected by diet. Hence, a similar larval growth was obtained with the standard140%L and with the 60%A140%L diets ( E¡ects of lipid emulsions and temperature on scallop larval culture I Uriarte et al. Aquaculture Research, 2003, 34, 899^902 (75.7). In contrast, the larvae reared at 12 1C did not develop to the eye-spot stage, the largest larvae reaching a shell size between 123.5 (72.12) and 135.0 mm (719.6). It is generally accepted that growth rate in invertebrate larvae correlates positively with temperature, within a certain range (Pechenick 1987; Beiras, Perez-Camacho & Albentosa 1994) . Accordingly, growth and survival of mussel and oyster larvae have been reported to be strongly correlated with increasing nourishment and temperature (His, Robert & Dinet 1989) ; in the present study, the larval growth rate of the Chilean scallop was higher at 19 and 22 1C than at 12 1C. The lack of signi¢cant di¡erences in growth rate observed between19 and 22 1C is likely to be due to the fact that 22 1C is close to the upper tolerance limit for temperature. At 12 1C, growth was clearly retarded. However, MacDonald (1988) found that survival in scallop larvae increased at lower temperature (14^15 1C), despite faster growth with increasing water temperature. Our results support this because survival of the Chilean scallop larvae at 12 1C was similar to that at 19 1C in the three experiments, despite the lower growth observed at 12 1C.
Our results show that the addition of HUFA n-3 lipid emulsions to the standard diet did not signi¢-cantly improve the growth or survival of the Chilean scallop larvae, irrespective of the temperature. Apparently, scallop larvae incorporate lipid emulsions and the nutritional value of the replacing lipid mixture could be similar to the replaced algae mixture; however, the lack of controls with partial algal ratios alone and/or controls with lipid emulsions alone prevent us to from emphasizing this conclusion. The variability between experiments could be observed in our experiments comparing larvae fed 100% standard diet in Table 2 . The highest growth rate was obtained at experiment 1 and the highest survival at experiment 2. Di¡erences in larval performances among experiments are likely to be due to different bacterial populations in the cultures as well as genetic factors. A negative impact on survival rate was observed with the diet 100%A140%L at 12 1C. This may be due to a decreased food uptake at this temperature when highest lipid enrichment was used to feed scallop larvae (Navarro, Uriarte, Far|¤ as & Cancino 2002) . We propose that the standard diet of T-Isochrysis gracilis and Chaetoceros neogracile was a well-balanced diet with regard to HUFA content and thus the e¡ect of supplementation was not evident. Moreover, microalgal diets can be replaced by lipid emulsions as much as 40% without a¡ecting the growth performance and survival of the larvae.
